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LONG-TERM GOALS

To developdata-assimilatingcapabilityfor HYCOM, thehybridversionof Universityof Miami’s
IsopycnicCoordinateOceanModel. Thisprojectis onecomponentof theNOPPconsortiumfor
developingadata-assimilatingoceanmodelbasedonahybridverticalcoordinate.Thefocusof this
componenthasbeenon theassimilationof in situhydrographicdatato correctthemodelstate.

OBJECTIVES

a)To developamethodologyfor assimilatingtemperatureprofilesfrom XBTs thataccommodatesthe
peculiaritiesof thehybridsystemof verticalcoordinates,allowing densityto becorrectedat fixed
pressurelevelswherethecoordinateis pressure-like,allowing interfacepressuresto becorrectedwhen
thecoordinateis density-like,andallowing bothto becorrectedin thetransitionzone.

b) To comparethemodel-stateto observationsandto infer errorstatisticsandinfluencefunctions.

c) To developcodesfor implementingthismethodology.

d) To prepareaHYCOM-basedreanalysisof archivedXBT data.

e)To provide theframework for aHYCOM-basedoceanicforecastsystem.

APPROACH

Companionsalinityprofilesareto beestimatedandusedto estimatedensityprofilesfrom whichdata
for layer-interfacepressuresandlayerpotential-densitiescanbeobtained.At first, error-statistics,
whichgovernthenatureof thedata-basedcorrectionsto themodelstate,areto bepostulatedsothat
assimilationcodescanbemadefunctional;later, they areto bebasedonmodel-datacomparisons.The
methodis to besufficiently flexible to allow for incorporationof othertypesof data,in particularthose
from satellite-basedobservations.

WORK COMPLETED

a)Thedesignfor thedata-assimilationmethodologyexistsandis beingtestedandimproved.

b) Thepreprocessingsystemto estimatecompanionsalinityprofilesandlayer/interfacevalueshasbeen
implemented.Biaseshavebeenidentifiedasbeingcausedby useof climatologicalsalinity. Effortsare
underway to obtaintheNavy’sclimatologyof temperature-salinityrelationships,whichshouldoffer
improvementby allowing departuresfrom climatologicalsalinity to beestimatedfrom observed
departuresfrom climatologicaltemperature.

c) Initial estimatesof modelanddataerrorshavebeenimproved,but morework is neededin thisarea.
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Figure 1: Left: Upper 400 meters along 31
�
W for 1972 from the Atlantic 1.4

�
HYCOM model without

data assimilation. Shade of blue indicates potential density; black curves, interface pressure;
magenta,potentialtemperature(2

�
C spacing);green,salinity (0.2psuspacing);yellow, bottomof the

mixed layer. Right: Mercator projection of grid with map overlay and with colors indicating basin
depths of up to 6000 meters.

d) Needto identify watertypeandrelationshipof datato locationsof frontsandeddieshasbeen
recognizedasbeingimportantfor makingintelligentuseof thedata.

e)A paperdescribingtheproblemof model-data-errorcompatibilityhasbeensubmittedfor publication.

f) A preliminaryreanalysisof Atlantic XBT datafor thetwenty-yearinterval 1972–1991hasbeen
completedandapaperdescribingtheresultsis in preparation.

RESULTS

HYCOM haslayersthataredensity-like(specifiedpotentialdensity)atdepthswheretheoceanis
stratifiedandpressure-like (specifiedthickness)whereit is well mixed,smoothlychangingfrom one
aspectto theother(left panel,figure1); theAtlantic modelwith 1.4-degreeresolution(right panel,
figure1) providesthecontext for development.Theseasonalcycleof themixedlayerandupper
thermoclinerequiresthatthenatureof thelayerschangebothwith timeandwith location.While this
formulationoffersadvantagesfor modeling,it alsoimposeschallengesfor dataassimilation.We must
determinethenatureof thelayersfrom datain orderto know how themodelstateneedsto becorrected.

Thefocusof thissub-projecthasbeenon theuseof XBT data,becausethey comprisethebulk of thein
situdataandbecausethey providethemostdirectinformationabouttheverticalstructureof theocean
andthusaboutthenatureof thehybrid layers.Thedesignthathasbeendevelopedaddressesthis issue
directly. TheXBT dataarefrom AOML’sGlobalOceanObservingSystem(GOOS)Center(left panel,
figure2). Theultimategoalis to useall typesof data,combiningthehorizontalinformationprovided
by satellite-basedobservationswith theinformationaboutverticalstructurefrom in situsoundings.

Unfortunately, densityis not directlyobserved,nor is salinity, which togetherwith temperature
determinesdensity. To infer wherelayerinterfacesshouldbe,asalinitystrategy is necessary. For



expediency, sothatotheraspectsof theprojectcanprogress,salinity is beingestimatedfrom the
climatological� meanconditionsfor thelocationandtimeof year. Suchestimatesfail to accountfor the
co-variability of salinitywith temperatureandcancausesignificanterrorsin theestimateddepthat
which themodel’spotential-densitylayersshouldbesituated.Effortsareunderway to obtainthe
Navy’sTSclimatologysothatthesalinityestimatescanbeimproved(right panel,figure2). Still better
estimatesmightbeachieved(HansenandThacker, 1999)but to dosowould requireaseparateproject.
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from HYCOM control run
�

Figure 2: Left: Magenta squares mark locations of grid cells with data to be assimilated by month for
the year 1982. Number of casts for the month and the number of cells sampled are indicated in the

southwest corner of each panel. Right:Different estimates of salinity can strongly influence the
inference of layer depth from XBT data. Solid green curve indicates unusually cold conditions for
grid cell centered at 39.9

�
N, 46.4

�
W; broken green curve indicates excessively warm control-run

counterparts.Solidmagentacurve is climatologicalmeansalinity for that location; dottedmagenta
curve is salinity estimated by MODAS using climatological TS relationships. Solid black curve is

potential-densityanomalyestimatedfrom climatologicalsalinity; dottedblack curve,estimatedfrom
MODAS salinity; broken black curve, potential density from HYCOM control run. Vertical cyan

lines indicatetargetvaluesof potential-densityanomalyfor themodellayers;layer indicesareshow
at the minimum depths of the layers’ lower interfaces.

Thedatawithin thedomainof the1.4
�

Atlantic HYCOM domain(30Sto 70N)havebeenpre-processed
to givemodel-relevantvalues:depthsandthicknessesof themodel’s layersandlayer-averagedpotential
densitiesandpotentialtemperatures.A varietyof techniques(see,for example,Malanotte-Rizzoli,
1996),mostof whicharebasedon theerrorstatisticsof themodelstate,canbeusedto assimilatethe
data.Theapproachtakenhereis to maintainflexibility , usingsimple,easyto implementmethodsin the
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Figure 3: Climatological potential temperature (C) for�����
���

kg/m� : from HYCOM simulationwith-
out dataassimilation(lower left); averageconditionsimmediatelybeforeassimilatingdata(upperleft);
immediatelyafterassimilatingdata(upperright); from Hydrobaseclimatology(lower right). Thecolor
bar at the right indicatesthe color-codedvaluesof potentialtemperatureon the maps;white indicates
absenceof the �����

���
kg/m� surfacefor theentire20-yearsimulationor for theentiredatarecord.

beginningwhile allowing for increasingsophisticationin thefuture.Codesimplementingsequential
optimalinterpolationhavebeenpreparedto assimilatethesedataatmonthlyintervals,astheobjective
is to provideamodel-basedanalysisof themonth-to-monthevolutionof thestateof theocean.Because
earlysimulationshave focusedmoreongettingthehybridmodelworking thanonmodel-data
comparisons,detailsof theerrorcovariancesarenotyet suitedto inferring influencefunctionsfor
spreadingthecorrectionsaway from theobservations.As theprojectprogresses,moreemphasiswill be
placedon thestatisticalbasisof thecorrections.Theimmediateneedis to assesstheimpactof the
correctionson themodelstateandto determinewhetherany alterationsareneededin thedesign
concept.

TheAtlantic XBT datafor 1972–1991havebeenassimilatedinto themodelandprovideasignificant
correction(figure3). Thedatavoid nearGreenlandin thelower-left panelindicatesthat,the �����

���

kg/m� potential-densitysurfaceis notpresentin theHYCOM simulationatany timeof yearwithout
assimilation;howeverassimilation(upperpanels)bringsthesimulationinto muchcloseragreement
with theHydrobaseisopycnicclimatology. Similarity of thetwo upperpanelsindicatesthat,between
monthlyassimilations,thereis little tendency for themodelto regresstowardtheuncorrectedmean
conditions.TheassimilatedXBT datacausethemodeltemperatureto beabit warmerthanclimatology.
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Figure4: Climatologicalpressure(MPa) for ���!�
���

kg/m� : from simulationwithout dataassimilation
(lower left); averageconditionsimmediatelybeforeassimilatingdata(upperleft); immediatelyafter
assimilatingdata(upperright); from Hydrobaseclimatology(lower right).

Thisdifferenceis dueto differencesin thetemperature-salinity(TS)make-upof the �����
���

kg/m�
water, whicharemostlikely causedby failureto preserve theTSrelationshipduringassimilation
(figure2 right). Thisconclusionis supportedby thefactthatthecorrected���"�

���
kg/m� surfaceis a

bit tooshallow in comparisonwith Hydrobaseclimatology(figure4), suggestingthatthecompanion
salinityprofilesshouldbesomewhatfresher, asthiswouldmake thedensityless,puttingthe ���"�

���

kg/m� surfacedeeper. Correctingthesalinityestimateswill bea focusof futurework.

IMPACT/APPLICATIONS

This researchshouldleadto a facility for producingmodel-basedanalysesof hydrographicdata.
Low-resolutionanalysescanbeusedto provide initial conditionsfor high-resolutionmodelsandfor
studyingclimate.At high resolution,thisapproachcanbeextendedto incorporatedetailedhorizontal
informationprovidedby satellite-basedobservations.

TRANSITIONS

Theassimilationcodesthatareunderdevelopmentwill bemadeavailableto thewideroceanographic
communityasapartof theHYCOM modelingfacility.



RELATED PROJECTS

Thisprojectis onecomponentof theNOPPconsortiumfor developinga data-assimilatingoceanmodel
basedonahybridverticalcoordinate.
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